One of the most important measures to reduce the cost of preparing mortar units is the use of mortar shooting trainers operating according to the 'shell in shell' principle that best meets the needs of military forces. When increasing the e ciency of using equipment for mortar shooting training and seeking to reduce their production costs, further research on external ballistics is strictly necessary in order to improve the structural parameters of mine imitators. With the help of nite element modelling techniques, this article investigates air ow over mortar mine imitators. In order to achieve the aim, a package of Mechanical Desktop So ware was used for creating a dimensional model of mine imitator the model of which was imported into ANSYS CFX and a nite element numerical model was generated. Considering the literary sources of experimental studies, SST turbulence model generating the results closest to those of experimental research was selected. A er modelling, air drag force in uencing mine imitator and the drag coecient at di erent air ow speed were established.
Introduction
e Armed Forces of developed countries are widely using trainers for training artillery specialists.
Presently, specialists from the Institute of Defence Technologies, Kaunas University of Technology; Kaunas Technical College and Vilnius Gediminas Technical University are dealing with the problem of ring 60 mm and 120 mm mortar trainers, which is extremely urgent to the Armed Forces of Lithuania (Fedaravičius et al. 2007 (Fedaravičius et al. , 2008a (Fedaravičius et al. , b, 2009a .
e trainer consists of a sabot the external surface of which, in principal, repeats the contour of a combat mine. e inside is installed with a barrel with an in xed charge (Fig. 1) . Mine imitators ('warheads') are inserted into a muzzle with the main powder charge while the rear part of the muzzle has several small holes intended for the distribution of the gas ow of the main powder charge. To imitate an explosion, 'the warhead' is lled with smoke powder and while falling into the ground it should explode in a way imitating the explosion of a mine. e 60 mm mortar trainer has four charges and 120 mm mortar trainer has ve charges consisting of a 'warhead' and muzzle with respective amounts of powder that ensure ring ranges to the scale of 1/10 (Puoti et al. 2009; Fedaravičius et al. 2004 Fedaravičius et al. , 2008a Fedaravičius et al. , b, 2009a . Fig. 2 presents the operating scheme of the trainer. It shows separate phases of the trainer in operation: the insertion of the sabot and mine imitator into the barrel of the mortar (a); upon hitting the capsule of the main charge against the braking device at the bottom of the mortar barrel, the explosion of the main charge occurs (b), the energy of gas ow via the main barrel of the muzzle and ancillary holes is distributed in such a way that it rejects the sabot of the mine on a distance of 5÷25 m from the re position of the mortar (d); 'the warhead' is in the range necessary to hit the target (c). Where 'the warhead' falls into the surface of the ground, the detonator goes o and initiates the explosion of the imitative smoke powder charge (Fedaravičius et al. 2005) .
When speaking about the resistance of the bodies crossed by air ow, it is possible to state that the resistance of solid bodies over own by the uid is one of the main problems. e main task related to this problem is to identify drag forces that appear at the moment when the bodies are over own. A solid body (mine imitator) moving in the uid is in uenced by drag force, thus, in order to overcome it, another force is necessary. e body in a moving uid resists the ow with the same force.
Turbulent Models
One of the most di cult tasks of air ow turbulence modelling is to ensure accurate simulation results. A number of turbulence models are created; some of them are more accurate when speeds are high, the other are meant for modelling the boundary layer. erefore, it is important to choose a turbulence model that allows making the most accurate comparison with experimental data (Lee et al. 2005) .
Turbulence is a complex process, due to the fact it is mainly three dimensional, unsteady and consists of many scales. Turbulence occurs when inertia forces in the uid become signi cant compared to viscous forces. Navier-Stokes equations describe both laminar and turbulent ows. However, turbulent ows at realistic Reynolds numbers span a large range of turbulent length and time scales. erefore, CFD codes introduce turbulence models. Most turbulence models are statistical turbulence models.
RANS Equations
In this study, turbulence models seek to solve a modied set of transport equations by introducing averaged and uctuating components. Substituting the averaged quantities into original transport equations results in the Reynolds averaged equations given below. e bar is dropped for averaged quantities, except for the products of uctuating quantities:
where: U -density; U -velocity; p -static (thermodynamic) pressure; W -molecular stress tensor;
__ uu U -Reynolds stresses; S M -momentum source.
Eddy Viscosity Turbulence Models
e eddy viscosity hypothesis assumes that Reynolds stresses can be related to mean velocity gradients and eddy (turbulent) viscosity by the gradient di usion hypothesis in a manner analogous to the relationship be- tween stress and strain tensors in laminar Newtonian ow:
where: P t -eddy viscosity or turbulent viscosity; Ttemperature; k -turbulence kinetic energy; H -turbulence eddy dissipation. e k-H model assumes that turbulence viscosity is linked to turbulence kinetic energy and dissipation via relation:
where: C P -constant equal to 0.09 (ANSYS CFX). e values of k and H come directly from di erential transport equations:
where: C H1 , C H2 , V k and V H -constants 1.44, 1.92 and 1.3 respectively (ANSYS CFX… 2006); P k -turbulence production due to viscous forces.
k-Z Models
One of the advantages of k-Z formulation is near wall treatment for low-Reynolds number computations, which is therefore more accurate and robust then k-H. e k-Z model assumes that turbulence viscosity is linked to turbulence kinetic energy and turbulent frequency via relation:
It solves two transport equations, one for turbulent kinetic energy k and one for turbulent frequency Z:
e constants of the model are given by: Ec = 0.09; D = 5 ⁄ 9; E = 0.075; V k = 2; V Z = 2.
Shear Stress Transport (SST)
e k-Z based SST model accounts for the transport of turbulent shear stress and gives highly accurate predictions of the onset and amount of ow separation under adverse pressure gradients. e BSL model combines the advantages of Wilcox and k-H models, but still fails to properly predict the onset and amount of ow separation from smooth surfaces. is results in the overprediction of eddy-viscosity. Proper transport behaviour can be obtained by a limiting to the formulation of eddyviscosity:
where: v t = P t /U; F 2 -a blending factor; S -an invariant measure of the strain rate.
Simulation of Air Flow around Mine Imitator
A three-dimensional mine imitator model was produced in the Mechanical Desktop environment and imported into ANSYS CFX program (Fig. 3) .
A er loading the model of mine imitator, a numerical nite element model is generated in ANSYS CFX so ware. To create a CFX mesh, the type of tetrahedral nite element was chosen. e in uence of CFX mesh density on the results was rated by changing the quantity of elements from 0.7 to 1.7 million. Di erence in the results under 1.2 and 1.7 million elements was insigni cant, and therefore the quantity of 1.2 million elements was used for further calculations. Mine imitator was developed as having a non-slippery but smooth wall. e overall dimensions of mine imitator are 25 mm in diameter and 148 mm in length. e mine was placed inside the channel simulating a wind tunnel. e outside walls of the wind tunnel are modelled as free slip walls. At the inlet, air velocity is set at m/s and at the exit, the precondition is made that air static pressure is constant and equal to 0 Pa. Air temperature is 20° C and reference pressure is 101325 Pa.
Turbulence over mine imitator has been tested applying several turbulence models, including SST, k-Z etc. e obtained results were compared with the experimental ones and presented in the article (Puoti et al. 2009 ). For further research, SST model was selected, since it gave the most accurate comparison with experimental data. e Mach number of over owing air changed from 0 to 0.7. 
Results of Air Flow Simulation
e results of the simulation of air ow around mine imitator were obtained. Fig. 4 shows the distribution of the force acting on the surface of mine imitator towards X axis. Actual drag force is the sum of drag forces in every mesh node. When the Mach number of air ow is 0.65, actual drag force is 6.11 N.
Full air pressure distribution over mine imitator is shown in Fig. 5 at the Mach number 0.65. e gure shows that the bottom is in uenced by the pressure of the opposite direction. Fig. 6 shows air density distribution when air ow on the surface of the mine at the Mach number is 0.65. Maximum density is received at the front of the mine.
e air at the back of the mine thins out.
e plot of air ow velocity along X axis is shown in Fig. 7 . Fig. 8 shows velocity streamlines obtained under air ow at the Mach number 0.65. e drag coe cient of mine imitator was calculated by the following equation (McCormick 1994):
where: F d -drag force obtained from simulation results; U -air density at 20 °C; U -mean velocity of air ow, m/s; A -reference area, m 2 . Fig. 9 shows the dependence of the drag force of mine imitator on the Mach number of over owing air. Together with increasing air speed, force in uencing the surface of mine imitator increases. As long as the speed of the air is not high, force in uencing mine imitator is not strong. Along with an increasing speed of over owing air, drag force non-linearly increases. e drag force values obtained during simulation and the values measured during the experimental study and presented in the article (Puoti et al. 2009 ) di er by no more than 3%. Fig. 10 shows the dependence of the drag coecient of mine imitator on the Mach number. While the Mach number is low, makes about 0.05 and is approaching to 0, the drag coe cient is the highest and therefore increases. When friction drag forces prevail, the drag coe cient is the most volatile. When the speed of overowing air increases, the drag coe cient of the mine imitator reduces, stabilizes and again starts increasing from the Mach number 0.6. When the speed of the mine is about 50 m/s or about Mach 0.15, the drag coe cient of mine imitator will be around 0.37.
Conclusions
e goals of this study are to calculate the drag force and drag coe cient of mine imitator. is is the initial investigation that will be continued further. With reference to calculations and their comparison with experimental results, the following conclusions can be made: 1. e model of air ow around mine imitator was created and modelling air over ow around mine imitator was made using ANSYS CFX so ware. 2. A er testing several turbulence models, for research purposes, SST turbulence model was chosen, since with the help of this model, the most accurate data was received and compared with experimental models described in the article (Puoti et al. 2009 ). 3. e dependence of the drag force of mine imitator on the speed of over owing air was calculated. Together with increasing over owing air speed, force in uencing the surface of mine imitator increases. With an increasing speed of over owing air, drag force nonlinearly increases. e drag force values obtained during simulation and the values measured during the experimental study and presented in the article (Puoti et al. 2009 ) di er by no more than 3%. 4. While the Mach number is low and makes about 0.05, the drag coe cient is the highest and therefore increases. When the speed of over owing air increases, the drag coe cient of mine imitator reduces, stabilizes and again starts increasing from the Mach number 0.6. 
